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The purposes of this study were: (1) To examine the effects of 
temperature, hydrogen-ion concentration and food supply on the 
fluctuation of the protozoan population in the Piedmont Park Lake; 
(2) To collect the organisms, study their forms and movement and 
identify them. In Mastigophora, the optimal range of temperature 
species is more varied than that of Sarcodina. Euglena viridis was 
found at all seasons of the year. Few species in this group were 
identified during the cold period. Infusoria are capable of with¬ 
standing extremes in temperature. The species in this group were 
more abundant. 
Species of Amoeba were found few in numbers. This was probably 
due to their inability to thrive during the cold temperature. They 
tend to thrive better in warmer water. Sarcodina represent groups 
which mainly inhabit the bottom of the lake and their scarcity may be 
due to their inability to come to the surface of the water. 
i i i 
Temperature of water was tested and hydrogen-ion concentration 
of water was noted to be another influencing factor. Euglena viridis 
occurred within the widest limit of relative pH. Ci liâtes were 




I am happy to express my sincere gratitude to Dr. J.H. Penn, 
my advisor, for his wonderful assistance, and for allowing me to 
use his microbiology laboratory. I appreciate the advice received 
from Dr. Roy Hunter, Jr., our former department chairman. I thank 
him for his encouragement, and helping me to plan my program, 
especially during my doom period. 
I am also appreciative of the encouragement received from 
Dr. J.E. Mayfield and Dr. K. Edwards. I wish to express appreciation 
and thanks to my mother, Madam Alice Tommy Inyang, and my family 
for their united efforts, with moral and financial support through 
the years. 
The work is dedicated to my children who have lived without 
my parental care for the past seven years. 
v 
TABLE OF CONTENTS 
Page 
ABSTRACT  iii 
ACKNOWLEDGEMENTS  iv 
LIST OF TABLES  vi 
CHAPTER 
I. INTRODUCTION  1 
II. REVIEW OF LITERATURE  3 
III. MATERIALS AND METHODS  8 
The Piedmont Park Lake  8 
Methods of Collecting and Testing  8 
IV. OBSERVATIONS  10 
Sarcodina  10 
Mastigophora  14 
Ciliophora  14 
V. DISCUSSION  16 
VI. SUMMARY AND CONCLUSION  19 
LITERATURE CITED  20 
vi 
LIST OF TABLES 
Table Page 
1. Summary of collections under which fresh water 
Protozoa were found: Sarcodina 11 
2. Species of Mastigophora  12 




This present investigation is to determine different kinds of 
protozoa present in the Piedmont Park Lake, and to examine the 
biological factors known to be significant in the ecology of 
animals. Jahn (1979) called protozoa simple, one celled animals. 
However, no protozoan is simple; some are not unicellular; and 
some cannot be strictly be considered animals. Each one is a 
complete organism and contains, often in a single cell, the facilities 
for performing all body functions. The concentration of functions 
into microscopically small bits of protoplasm does not produce 
simplicity, but only reduces the fundamental problem of organization 
to a state where the complex machinery for performing each body 
function is not readily visible. 
Picken (1937) found that physical and chemical conditions are 
most important factors for the growth of protozoa in fresh lake 
water. These organisms, except for most of the Sarcodina groups 
which are creeping, often come into closer contact with their surface 
surroundings. Noland (1925), Juday (1908, 1919), Rylov (1923), and 
Crozier (1923) stated that natural environments of a fresh pond water 
(such as Piedmont Park Lake) have been found to be favorable for the 
growth and distribution of protozoa. As already stated, most of these 
organisms are single cells, set off from their environment by nothing 
more than a thin pellicle permeable to water and various substances. 
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Their life deals at close range with the factors to which they must 
become adjusted if they are not to be destroyed. 
Wang (1928) stated that pH value for the pond water is fairly 
constant throughout the year, exhibiting a limiting range from 6.2 
to 7.05. He found that most species thrive better in warm fresh 
water, and emphasized that the optimum range of temperature for 
individual species is variable. Flagellates, creeping groups, and 
ciliates are the most widely spread and active of free-living forms 
found in Piedmont Park Lake. 
CHAPTER II 
REVIEW OF LITERATURE 
Most species of protozoa seemed much more susceptible to thermal 
changes than in the fluctuation of their environmental factors. Noland 
(1925) reported Halteria grandinella, Spirostomum teres and Urocentrum 
turbo as thermophilic forms of protozoa. Rylov (1923) studied the 
influence of dissolved oxygen and hydrogen sulphide on seasonal 
appearance and vertical distribution of Loxodes rostrum. Crozier (1923) 
found that in natural environments, the number of kinds of planktononic 
organisms as well as other forms is often inversely correlated with 
the number of the individuals at any seasonal period. 
Wang (1928) found flagellated protozoa in great abundance during 
the winter when the water contained much more oxygen and volatile acids, 
especially carbonic acids. He could not find Amoeba on extreme cold 
days when the water is extremely cold. Whipple (1927) found that gases 
may be conveyed from air to water by three main processes: diffusion, 
solution and convection current. The rate of these processes is 
directly influenced by the temperature. It is possible that the 
chemical processes associated with metabolic activities of protozoan 
cells can be accelerated by increasing temperature. Noland (1925) 
found that an increase in the rate of metabolism may be due to rapid 
processes of reproduction, assuming an adequate food supply, and this 
had been indicated by the fact that the greatest numbers of eurythermie 
as well as thermophilic were reported on the warm days. 
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Cowles and Schwitalla (1923) studied the hydrogen-ion concentration 
of a stream and a series of pools in relation to the occurrence of 
Euglena. They pointed out that a constant pH value of 6.5 is most 
favorable for the development of Euglena viridis. Picken (1937) 
stated that protozoa have been found in a particular environment, 
and certain species have been associated with particular physical and 
chemical characteristics of certain environments, but the population 
has always been treated as a series of individuals, never as a social 
unit. The idea of such a population having such a well defined associa¬ 
tion with plants, in much the same way as does a metazoan community, 
has not been considered. 
The most important study of the distribution of fresh water 
protozoa is provided by Noland's work in ci liâtes. Noland (1 925) found 
that the distribution of these forms of protozoa is correlated with 
the abundance of their food supply. He noted that under conditions 
of low oxygen tension, high free carbon dioxide content, and low 
hydrogen-ion concentration (i.e., when bacterial growth is vigorous), 
bacterial feeding forms are found. He found that when the oxygen 
tension is high, free carbon dioxide low, and the pH high (i.e., in 
correlation with the growth of algae), ciliates feeding on diatoms and 
other unicellular algae occur. He found that physical and chemical 
factors alone do not directly determine the occurrence or absence of 
ciliates, but rather that the sum of these factors corresponds to an 
environment suitable for the growth of either bacteria or algae and that 
the species of ciliates are distributed according to the abundance of 
their food supply. His observation showed that the character of food 
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supply determines the occurrence of a particular protozoan in a 
particular environment. This result suggests that the integrity of 
the community is determined by the presence of this food supply. 
Noland (1925) also indicated that the concentration of dissolved 
oxygen in water depends almost wholly on the temperature of at 0 C 
being capable of dissolving 10.27 cc of oxygen per liter as against 
6.37 cc at 20 C. Noland stated that the number of chlorophyl1-bearing 
protozoa, whose photosynthetic activity may run the dissolved oxygen 
content well above the amount would be found in thoroughly aerated 
water at the same temperature. 
Putter (1905) supposed that the difference in longevity of aerobic 
protozoa under anaerobic conditions was correlated with the amount of 
reserve food material such as protein, glycogen and paraglycogen 
present in the body. He noted that Paramecium is less affected by 
anaerobic conditions than Spirostomum in a small amount of water. He 
demonstrated that several ciliates reacted differently when subjected 
to an anaerobic condition, some perishing rapidly, others living for 
a considerable length of time. He maintained that the smaller the 
size of body and the more elaborate the contractile vacuole system, the 
organisms suffer the less the lack of oxygen in water, since the removal 
of catabolic products depends upon these factors. 
Wittner (1957, 1957a) subjected Paramecium caudatum to varying 
oxygen pressures at 1-27 C, and found that above 5 C, oxygen toxicity 
varied directly with pressure, but below this temperature, oxygen 
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toxicity varied inversely as the temperature. He suggested that 
oxygen may be affecting two cellular processes, one of which is 
temperature limited below 5 C, and would decrease the death time 
as the temperature is lowered. 
Giesel (1941) Christensen (1964), Kudo (1971), Kokwitz and 
Masson (1 909) and Jahri, Euglene, Frances (1 909) made a valuable 
classification of protozoa based on the amount of organic decomposition 
taking place in the water they studied. Skadonsky (1923) and his 
students studied the hydrogen-ion relations of several protozoans 
and from observations made on several field habitats came to conclusion 
that hydrogen-ion concentration might be a limiting factor for the 
protozoa under natural concentration. 
Klebs (1873) subjected the vegetative phase in the life cycle 
of Euglena to repeated freezing without apparent injury and Jahn (1933) 
found no harmful effect when Euglena cultures were kept without freezing 
at -0.2 C for one hour, but when kept at -4 C for one hour the majority 
were killed. Dallinger (1887) found that protozoa became accustomed 
to high Temperatures if changes are made gradually. Noland and Gojdics 
(1967) found that sunlight, food and nutrients are important factors 
which favor the growth and distribution of protozoa in fresh water 
ponds. 
Hausmann (1917) made studies on protozoa in relation to more 
natural environments. He grouped the fresh water protozoa into five 
environmental types in regard to special habitats without measuring 
any of the physical or chemical conditions of the different environments. 
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Roux (1901) noted seasonal maxima in the occurrence of ciliates, and 
speculated on probable causes, attributing special importance to 
reproductive role, presence of food and absence of enemies. 
Stout (1973) noted that flagellates, small amoeba and ciliates 
are the most widespread and active of free-living forms, while the 
distribution of parasites is related to the distribution of their 
hosts. Corliss (1973) noted that the inherent difficulties of proper 
taxonomic identification of the species under study and of more refined 
methods for carrying out desirable laboratory experimentation can be 
overcome, but time, motivation, and technical innovativeness are 
required. Because protozoan species are the ideal organisms to be 
investigated in many environmental situations, the field of protozoan 
ecology should develop significantly in the years ahead. 
CHAPTER III 
MATERIALS AND METHODS 
The Piedmont Park Lake 
The Piedmont Park, separating the section of the city known 
as North Atlanta and Druid Hills, is one of the most beautiful of 
Atlanta Parks. The Lake from which the materials for this study are 
obtained is located in the heart of this park. Fishes and frogs are 
found in this fresh water. Hundreds and thousands of people visit 
this park every year. 
From January 26, 1979, the lake shores were frozen up to January 
31 , 1 979. This made the collections of samples somewhat difficult 
during this time. From the months of May to July, the volume of the 
lake was increased to a greater height. The water nearly overflowed 
the embankment. Collections of samples were easier and greater 
varieties of species were observed and identified in large numbers. 
During the winter, the temperature was 12 F and above, while the 
range of hydrogen-ion concentration was 6.4 - 6.8. During this cold 
period the surface water was covered with snow, while beneath as 
observed, the water was flowing South to North-East. The average 
hydrogen-ion concentration of the lake was constant throughout the 
period with narrow range of hydrogen-ion concentration between 6.4 
and 7.4. 
Methods of Collecting and Testing 
Collections were made from 9 a.m. to 10 a.m. three to four times 
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each week during the period of this study. Samples of water were 
collected randomly from different stations. The water and the 
atmospheric temperature were tested immediately after the collections 
and recorded. The organisms were carefully observed and identified at 
the Microbiology Laboratory at Morris Brown College. Light microscopes 
were used for observation, identification and the study of movements 
and shapes of protozoa. These types of microscopes are easy to use, 
and they ignore the presence of water. They can easily be used to 
examine living objects. They perceive color and impart considerable 
informations. Hydrogen-ion concentration was measured with a Corning 
pH meter Model 10. 
CHAPTER IV 
OBSERVATIONS 
A record ledger was kept for each species. Whenever a species 
was encountered in a collection, the conditions under which it was 
found were recorded on the appropriate record sheet. In each table 
is given a summary of information so obtained, concerning the 
conditions under which a considerable number of protozoa were found 
living in the Piedmont Park Lake. Ranges of temperature and an 
average condition such as pH are given to convey some idea of the 
type of habitats in which each species was most frequently found. 
Sarcodina 
In the Sarcodina, nine species, have been observed and identified 
(Table 1). And the numbers of individuals of various species such as 
Amoeba discoides, Amoeba proteus, Arcella discoides and Arcella 
Vulgaris were very few. Most of the Sarcodina are creeping organisms 
and usually inhabit the bottom of the pond. It is not surprising 
therefore, that the number of species of individuals is very limited, 
since the collections were made mostly from the surface water. How¬ 
ever, the number tended to increase as the temperature rose in spring, 
and decreased in the fall as the temperature dropped. 
The majority of the species studied have wide ranges of toleration 
for thermal changes and, therefore, may be grouped as eurythermal 
animals. The species of Amoeba were never found in extremely cold 
water. The distributions of Difflugia showed a gradual increase of 
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Table 1. Summary of ciliates under which fresh water Protozoa were found: (On Sarcodina: 
The first column of the figures lists the number of times in which each species 
was found; the second column of figures shows the dates at which species was 
found; the third column shows the ranges of temperature, and the fourth shows the 
average pH). 








Amoeba discoides 6 May, June, October 68-80 7.4 
Amoeba proteus 7 May, June 78 7.1 
Arcella discoides 6 May, June, July 78-79 7.2 
Arcella vulgaris 10 July, October 78-60 7.2 
Difflugia arcula 44 March, June, July 68-80 7.2 
Difflugia constricta 56 March, June, July 78-45-50 7.2 
Difflugia conrona 59 June, July 55-72 7.0 
Difflugia globusa 61 May, June, July 76 7.2 
Difflugia pyriformis 49 June, July, October 57-74 7.2 
Table 2. Species of Mastigophora: The Frequency of occurrence of each species, the 
temperature at the time of collections, and the pH value. 










67 April, May 69-56 7.0 
Euqlena viridis 
16 Feb., March, 
April, June, July 
49-61 7.2 
Gonium formosum 30 Feb., March, 
April, May 
64-55 7.2 
Gonium pectorale 56 Feb., March, 
April, May 
64-55 7.2 
Gonium sociale 40 Feb., March 50-55 7.2 
Pi atydori na 
caudatum 
35 March, June 62-78 6.8 
Uroqlena volvox 60 April, May, June 68-58 7.0 
Volvox aereus 67 April, June 68-80 7.2 
Volvox globator 71 April, June 68-76 7.2 
Table 3. Data on Ciliophora species: The occurrence frequency of each species, the temperature 
at the time of collections, and the average hydrogen-ion concentrations 




Range of Tem¬ 
perature in F 
Average 
pH ' 
Coleps octospinus 27 March, June, 
July 
60-45 7.5 





16 Jan., Feb., March 54-61 6.8 
Oxytricha fallax 30 May, June, July 78-83 6.5 





56 March, April, July 66-71 7.2 
Paramecium trie hi urn 33 March, April, July 62-81 7.2 
Paramecium aurelia 31 Feb., March, April 62-81 7.0 
Paramecium bursaria 30 March, June 62-80 7.0 
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population toward the higher temperatures. As was stated above, the 
pH value for the Piedmont Park Lake studied is fairly constant through¬ 
out the year. Amoeba discoides and Difflugia corona have been observed 
with these extremes of pH range. 
Mastigophora: The Flagellates 
In Mastigophora, the numbers of individual species (Table 2) were 
constantly many. The optimum range of temperature for individual 
species is as varied as in the case of Sarcodina. The maximum abun¬ 
dance of Eudorina elegans and Gonium pectorale occurring at various 
times of the year, have shown irregularities. The two largest maxima 
of population of Mastigophora Table 2, one beginning in winter 
(February) and another in summer (July) resulted from the great numbers 
of Gonium pectorale and Eudorina elegans respectively. 
Like Arcella discoides, Euglena viridis disappeared gradually when 
the pH dropped to 6.2. Gonium was found within the pH ranges from 6.2 to 
7.2. These species were not decreased nor increased in the water showing 
the pH of 6.2. The pH range appeared to be extremely limited in case 
of Eudorina elegans. 
Ciliophora Group 
The Ciliophora (Table 3) shows the greatest diversity and up to nine 
species were ^ound. The variations in the population of Ci 1 iophora are 
well correlated with the fluctuation of temperature. Ciliophora are 
represented by the greatest number of species and most individual 
species require different optimal ranges in the physical environment. 
This makes it difficult to establish exact correlations among the whole 
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group. This wide adaptability is not surprising when it is 
remembered that ciliates for the most part occur in shallow pools 
and streams or lakes where the factors studied undergo considerable 
fluctuation with a short period of time. 
The results given in Table 3 under temperature indicate that 
practically all species studied have wide limits of toleration for 
thermal changes. A consideration of the temperature ranges for dif- 
erent ciliates makes it possible to distinguish one group occurring 
commonly at high temperatures and another found often in cold waters. 
The high temperature group includes Haltoria grandinella, Coleps 
octospinus and Oxytricha. Halteria grandinella and Coleps were 
found most abundantly in the warm collections. Ichthyophthirius 
multifillis was found in cold waters. The information at hand does 
not indicate that pH is a direct limiting factor in the distribution 
of ciliates in the Piedmont Park Lake. 
CHAPTER V 
DISCUSSION 
Sarcodina species are considered to be principally bottom dwellers, 
and, therefore, the records from the surface collections probably are 
quite inadequate to determine the distributions of members of this 
group. Just what factors are responsible for bringing them to the sur¬ 
face have not been determined, though convection currents or vertical 
currents, caused by wind action, and reaction to food conditions may be 
mentioned as possible agents. These creeping organisms such as Amoeba 
porteus, Amoeba discoides, Arcella discoides, Arcella vulgaris, tend to 
increase from March, April, May to July and early October. They ex¬ 
hibit an interesting correlation with the optimal range of temperature. 
Difflugia corona, Difflugia arcula, Difflugia qlobusa, and Difflugia 
pyriformis were found to be abundant and tended to show a pronounced 
increase in number toward the higher temperature. Wang (1928) found 
that Sarcodina species tended to thrive better in warmer water than in 
colder, at least as they appear in the surface water. 
Colonial flagellated protozoa are chlorophyll bearing organisms 
and they were found in great numbers during the winter when the water 
contained much more oxygen and volatile acids. Wang (1928) showed 
that the optimum range of temperature for individual species of 
flagellates is as varied as in the case of Sarcodina. He stated that 
Euglena viridis may live within the thermal range of 1.1 C to 25.9 C. 
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The following flagellates were numerous from February to May: 
Gonium pectoral, Gonium sociale, Eudorina elegans, Euglena viridis. 
Among the psychrophilic flagellates, Gonium pectorale was frequently 
observed at low temperatures. Wang (1928) stated that Gonium pectorale 
was not observed at all when the temperature was below 20 C. Eudorina 
elegans was observed more in the spring. These protozoan species are 
regarded as ones that cannot tolerate wide variations in temperature. 
Ciliates are usually looked upon as the most complex of one-cel led 
animals. Some of them represent the highest degree of structural 
complexity attained by cells. They are primarily limited by the amount 
of moisture present. Ciliophora were predominantly collected at the 
shallow areas of the lake, and as such, they are subjected to much wider 
fluctuations of temperatures, amount of dissolved oxygen, and hydrogen-ion 
concentration. They were the most numerous species, and the probable 
reason is their ability to withstand the widest ranges of temperature. 
Wang (1928) found that Infusoria were observed frequently or infrequently 
in all seasons under wide variations in temperature. He stated that in 
most of the species the largest population is, however, limited to 
warm days. 
Several protozoa were found nearly the whole period of the investi¬ 
gation. Volvox aereus, volvox globator, Uroglena volvox, Paramecium 
caudatum, Paramecium multimicronucleatum and Paramecium trichium had the 
highest collections in this group, except Halteria grandinella, which 
showed the greatest numbers of 80 species. Noland (1925) reported 
Halteria gradinel1 a, Spirostomum teres and Urocentrum turbo as thermophil ic 
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forms of protozoa. 
Another important factor influencing the growth and distribution 
of protozoa in the Piedmont Park Lake is the hydrogen-ion concentration. 
The pH value for this fresh water lake was fairly constant throughout 
the period of observation, showing only a slight range of differences. 
Creeping protozoa were observed within the pH range of 6.5 to 7.0 and 
7.4 for Diff1ugia pyriformis; Amoeba discoides were observed at pH 
6.6 to 8.0, an average of 7.3. Euqlena viridis, Gonium pectorale and 
Gonium formosum were identified within the close pH range of 7.1 to 7.2. 
Cowles and Schwitalla (1923) studied the hydrogen-ion concentration of 
a stream and a series of pools in relation to the occurrence of Euglena. 
They pointed out that a constant pH value of 6.5 is most favorable for 
the development of Euglena viridis. 
Paramecium trichium, Paramecium multimicronucleatum, and Oxytricha 
fallax were found within the average pH range of 6.6 to 7.2, respec¬ 
tively. These species of protozoa in fresh lake water were numerous. 
Noland (1925) found that the distribution of these forms of protozoa is 
correlated with the abundance of their food supply. He stated that 
under conditions of low oxygen tension, high free carbon dioxide content, 
and low pH (i.e., when bacteria growth is vigorous), bacterial feeding 
forms are found. 
CHAPTER VI 
SUMMARY AND CONCLUSION 
The temperature and hydrogen-ion concentration are the most 
essential factors influencing the distribution of protozoa in fresh 
lake water of Piedmont Park. This distribution is correlated with 
their food supply. The natural environment, the number of kinds 
of planktonic organisms, as well as other forms, is often inversely 
correlated with the number of individuals at any seasonal period. 
The hydrogen-ion concentration of Piedmont Park Lake is fairly 
constant throughout the year. Flagellates and ciliates showed a 
varying optimum range of temperature for individual species. Some 
were found frequently or infrequently all the year round under wide 
variations in temperature. Ciliates were more numerous in warm water 
while some were found in fewer numbers in cold water. They generally 
are more abundant than other free-living protozoa. 
Sarcodina tended to thrive better in warm water than in cold 
water. Amoeba was never found when the water was extremely cold. 
Flagellated protozoa were found in great abundance during cold water, 
unlike the creeping protozoa. Natural environments such as Piedmont 
Park Lake water have been found to be favorable for the growth and 
distribution of protozoa. The study of protozoan ecology is, therefore, 
of great interest as showing the extent to which living organisms can 
adapt themselves to their surroundings. 
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